US009124198B2

az United States Patent (0) Patent No.:  US 9,124,198 B2
Krenz et al. 45) Date of Patent: Sep. 1, 2015
(54) MULTIPLEXED MOTOR CONTROLLER 5,952,806 A * 9/1999 Muramatsu .............. 318/568.12
7,268,522 Bl 9/2007 Baker
B . 7,332,884 B2 2/2008 Rozman et al.
(71)  Applicant: gé%l;g]l;(i%sggl\)gT?ANLD ‘s CT 7362070 B2 42008 Games et al.
» windsor LOCKs, 7,365,511 B2 4/2008 Nguyen
(US) 7,529,268 Bl 5/2009 Solanki
7,567,047 B2 7/2009 Rozman
(72) Inventors: Michael J. Krenz, Roscoe, IL (US); 7,782,007 B2 82010 Halsey
Scott M. Thomson, Belvidere, IL (US) 7,804,263 B2 9/2010 Himmelmann et al.
7,888,901 B2* 2/2011 Larsonetal. ........... 318/628
. . . 7,922,117 B2 4/2011 Wavering et al.
(73) Assignee: Hgmllton Sundstrand Corporation, 8.078.340 B2* 12/2011 Johnson%t al 701/3
Windsor Locks, CT (US) 8,080,966 B2* 12/2011 Potter et al. .........ccoeee. 318/625
8,295,995 B2  10/2012 Poisson
(*) Notice:  Subject to any disclaimer, the term of this 2002/0117980 Al 82002 Echols et al.
patent is extended or adjusted under 35 588‘7‘; 85%‘3‘%2 2} Z %88‘7‘ gi‘Shner cal
ange et al.
US.C. 154(b) by 3 days. 2010/0028164 Al 2/2010 Matsui
(21) Appl. No.: 13/858,472
OTHER PUBLICATIONS

(22)  Filed: Apr: 8, 2013 Extended European Search Report for EP Application No. 14162890.

(65) Prior Publication Data 9-1802, dated Aug. 18, 2014, pp. 1-7.

European Office Action for EP Application No. 14 162 890.9-1802,
US 2014/0300297 Al Oct. 9, 2014 dated May 6, 2015, pp. 1-5.

(51) Int.CL * cited by examiner

HO2P 5/00 (2006.01)

HO2P 5/46 (2006.01)

HO2P 7/08 (2006.01) Primary Examiner — Brick Glass

HO2P 5/74 (2006.01) .

B64C 13/50 (2006.01) (74) Attorney, Agent, or Firm — Cantor Colburn LLP

(52) US.CL
CPC .. HO2P 5/00 (2013.01); HO2P 5/74 (2013.01); (57) ABSTRACT

B64C 13/50 (2013.01)

(58) Field of Classification Search A system, multiplexed controller, and a method of controlling
CPC oo B64C 13/50; HO2P 5/00 a plurality of motors is described. The system includes a
USPC ittt 318/67 plurality of motors, at least two of the motors requiring a
See application file for complete search history. variable-frequency source or being a multi-speed motor. The

. multiplexed controller of the system is configured to control

(56) References Cited operation of the plurality of motors, the controller directly

U.S. PATENT DOCUMENTS communicating with each of the plurality of motors.
4,897,587 A 1/1990 DiGiulio et al.

5,274,554 A * 12/1993 Takatsetal. ........... 701/29.2

15 Claims, 4 Drawing Sheets

Cargo Handling Cabin Environmental Control Brake / Landing Gear Control
Control and
User Interface 130b 130c
130a
Gontroller Landing Gear Motors
——>
110 120d

Il/

Cargo Handling Motors
120a

.

Brake Motors

Cabin Environmental Control
Motors

120b

120c




US 9,124,198 B2

Sheet 1 of 4

Sep. 1, 2015

U.S. Patent

T 'Ol

20¢T

SIOJO\ 9¥e.g

q0¢T

SIOION
[0UOD) [EIUSWUOIIAUT UIge))

A

e0Cl
sJ1ojol Bulpuey obien

=

POZT ) 0Tt
SI0J0|\ Jear) BulpueT J9]|0U0D
20€T qoet

[0J1uU0D) Jesar) Buipue] / ayelg

[0UOD) [EIUSWUOIIAUT UIge)D

e0El
2oBLIBIU| JasN
pue |0JJu0D
Buipuey obien




U.S. Patent Sep. 1, 2015 Sheet 2 of 4 US 9,124,198 B2

(@]
(ep)]
oN
N
X O
~ LL
LN
(Vo)
o (-]
—
(@) oN
(Vo)
oN
(@]
q—
oN

110
N



U.S. Patent Sep. 1, 2015 Sheet 3 of 4 US 9,124,198 B2

<
o
vt —
—
o
~
—
o
@ O
A LL
o
~
—
o
™M
—
o
~
—
o
™M
—

120




US 9,124,198 B2

Sheet 4 of 4

Sep. 1, 2015

U.S. Patent

¥ 'Ol

[onuod dooy pasord 1udwddur
puUR ULIOJoARM )BIOUSS 0)d7

0St /\ J010W 01 INdINO 0] WLIOJOARM JBIJUIS

sah $]04u0d
doo| paso|d

pasau ou

dznuond

JOJBTIIUL WOILJ [BUIIS QATIAI JOJBTIIUL WOILJ [BUIIS QATIAI

ozy /v ( oty




US 9,124,198 B2

1
MULTIPLEXED MOTOR CONTROLLER

BACKGROUND OF THE INVENTION

Exemplary embodiments pertain to the art of controlling
variable frequency source or multi-speed motors.

Variable-frequency source or multi-speed motors require
motor controllers for their operation. These controllers are
often costly, large, and heavy. Thus, including a controller
with each variable frequency source or multi-speed motor can
be not only costly but also especially problematic in environ-
ments, such as in aircraft applications, for example, in which
weight and volume considerations may be critical.

BRIEF DESCRIPTION OF THE INVENTION

According to one embodiment, a system includes a plural-
ity of motors, at least two of the motors requiring a variable-
frequency source or being a multi-speed motor; and a multi-
plexed controller configured to control operation of the
plurality of motors, the controller directly communicating
with each of the plurality of motors.

According to another embodiment, a method of controlling
a plurality of motors includes receiving, at a processor of a
multiplexed controller, one or more signals to initiate opera-
tion of respective one or more motors directly from corre-
sponding one or more initiators; prioritizing, based on prior-
ity information stored in a memory device, the signals when
two or more signals are received; and processing the signals,
with the processor, based on a result of the prioritizing to
generate waveforms to drive the respective motors.

According to yet another embodiment, a multiplexed con-
troller includes an input interface to receive one or more
signals directly from corresponding one or more initiators;
and a processor configured to process the one or more signals
to output waveforms to respective one or more motors whose
operation is controlled by the waveforms.

BRIEF DESCRIPTION OF THE DRAWINGS

The following descriptions should not be considered lim-
iting in any way. With reference to the accompanying draw-
ings, like elements are numbered alike:

FIG.11is ablock diagram of an exemplary system including
a multiplexed motor controller according to an embodiment
of the invention;

FIG. 2 is a block diagram of a multiplexed controller
according to an embodiment of the invention;

FIG. 3is ablock diagram of an exemplary system including
a matrix of multiplexed motor controllers according to an
embodiment of the invention; and

FIG. 4 is a flow diagram of a process implemented by a
multiplexed controller according to an embodiment of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

A detailed description of one or more embodiments of the
disclosed apparatus and method are presented herein by way
of exemplification and not limitation with reference to the
Figures.

As noted above, including a controller with each variable
frequency source or multi-speed motor can be impractical,
especially for certain low-utilization motors, based on a bal-
ancing of the weight and volume penalty of the controllers to
the utilization needs. Embodiments described herein include
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2

a multiplexed motor controller for controlling multiple
motors with a weight and volume penalty comparable to that
of a single controller.

FIG. 1is ablock diagram of an exemplary system including
a multiplexed motor controller 110 according to an embodi-
ment of the invention. As detailed below, the multiplexed
controller 110 is in direct communication with a plurality of
motors 120. The multiplexed controller 110 is also in direct
communication with a plurality of systems that may be
regarded as motor initiators 130 because they signal the need
to initiate action from a motor 120. For example, the cargo
handing control and user interface (initiator 130a) may pro-
vide a signal or user command to the multiplexed controller
110 to initiate operation of one or more of the cargo handling
motors 120a. The format of the signal from each initiator 130
may be different. Thus, the multiplexed controller 110 must
recognize each of the different formats. In addition, the wave-
form to each motor 120 may also be different such that the
multiplexed controller 110 must generate each of the different
waveforms. Based on the particular motor 120 being con-
trolled, closed-loop control may be used by the multiplexed
controller 110 to control and adjust the speed and torque of a
motor 120 as needed.

Because a signal may be received from more than one
initiator 130 at a time, the multiplexed controller 110 may
process the coincident signals in parallel. In alternate embodi-
ments, the multiplexed controller 110 may perform concur-
rent processing. In this embodiment, signals from different
initiators 130 may be prioritized based on the associated
motor 120 functionality. That is, when signals from two dif-
ferent initiators 130 are received at the same time, an associ-
ated priority, implemented as a look-up table, for example,
may be used to determine the order in which the signals are
processed by the multiplexed controller 110. In yet another
embodiment, based on the types of motors 120 that are con-
trolled by the controller 110, neither parallel nor concurrent
processing may be necessary. For example, the exemplary
motors 120 shown in FIG. 1 may not be initiated simulta-
neously based on a normal operation of the aircraft, thereby
precluding a need for the multiplexed controller 110 to handle
simultaneous initiator 130 signals.

FIG. 2 is a block diagram of a multiplexed controller 110
according to an embodiment of the invention. In the embodi-
ment shown in FIG. 2, the multiplexed controller 110 imple-
ments concurrent processing. The controller 110 includes one
or more processors 210 (e.g., digital signal processor, DSP),
one or more power switching devices 220 (e.g., insulated gate
bipolar transistors, IGBT), and filters 230 to address electro-
magnetic noise generated on the waveforms to the motors
120. In addition, the multiplexed controller 110 includes one
or more input interfaces 240 to receive input from the initia-
tors 130 and one or more output interfaces 250 to send wave-
forms to the motors 120. The multiplexed controller 110 may
also include one or more memory devices 260 accessible by
the one or more processors 210. The memory device 260 may
store a look-up table prioritizing the motors 120 controlled by
the multiplexed controller 110 so that concurrently received
signals from initiators 130 may be processed based on the
priority of the associated motors 120. In addition, the memory
device 260 may store instructions for the processor 210. For
example, the instructions may dictate how the processor 210
should interleave the processing of a newly received signal
from an initiator 130 with closed loop control of a motor 120
based on a previously received signal from another initiator
130. In one or more embodiments of the invention, the
memory device 260 may store a configuration file 265 to
identify the type for each motor 120 and the priority among
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the motors 120. The configuration file 265 may be updated to
add motors or to change priorities as needed.

FIG. 3is ablock diagram of an exemplary system including
amatrix of multiplexed motor controllers 110 according to an
embodiment of the invention. According to the present many-
to-many embodiment, a group of multiplexed controllers 110,
fewer in number than the number of motors 120 in the system,
controls the motors 120 together. That is, the multiple multi-
plexed motor controllers 110 perform parallel processing of
initiator 130 signals received at the same time according to
one embodiment. In alternate embodiments, the multiple
multiplexed motor controllers 110 may operate in tandem in
an order dictated by the priority of the motors 120 signaled for
operation. Each of the multiplexed motor controllers 110 may
include the elements shown in FIG. 2. The configuration file
265 may be shared among the multiple multiplexed motor
controllers 110 or may be stored within a memory device 260
of each multiplexed motor controller 110 but updated so that
each multiplexed motor controller 110 stores the same infor-
mation in the configuration file 265. In alternate embodi-
ments, each configuration file 265 of each of the multiple
multiplexed motor controllers 110 may be different. In this
embodiment, each multiplexed motor controller 110 may
prioritize a different motor 120 based on its individual con-
figuration file 265.

FIG. 4 is a flow diagram of a process implemented by a
multiplexed controller 110 according to an embodiment of
the invention. Receiving a signal from an initiator 130 at
blocks 410 and 420 may be coincidental. When two or more
signals are received coincidentally, prioritizing the received
signals at block 430 may include the processor 210 consulting
alook up table stored by the memory device 260 to determine
which signal relates to initiating operation of a higher priority
motor 120. At block 435, the multiplexed controller 110
determines whether there is a need for closed loop control of
the motor 120 associated with the initiator signal being pro-
cessed. Based on a result of the prioritizing or based on a
single received signal (block 430) and based on a decision
regarding closed loop control (block 435), the process
includes generating a waveform to output to the associated
motor 120 at block 440 or generating a waveform and imple-
menting closed loop control of the associated motor 120 to
adjust speed and torque as needed at block 450. When mul-
tiple signals are being processed, the priority determined at
block 330 may be used to determine how to interleave the
closed loop control with generating a waveform for another
motor 120.

While the invention has been described with reference to
an exemplary embodiment or embodiments, it will be under-
stood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof
without departing from the scope of the invention. In addi-
tion, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without
departing from the essential scope thereof. Therefore, it is
intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for
carrying out this invention, but that the invention will include
all embodiments falling within the scope of the claims.

What is claimed is:

1. A system comprising:

a plurality of motors, at least two of the motors requiring a
variable-frequency source or being a multi-speed motor;
and

a multiplexed controller configured to control operation of
the plurality of motors, the controller directly commu-
nicating with each of the plurality of motors, wherein the
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multiplexed controller performs concurrent processing
to control of the operation of two or more of the plurality
of motors such that, when two or more signals to start the
operation of the two or more of the plurality of motors
are received by the controller concurrently, the control-
ler processes the two or more signals according to an
order based on a priority associated with each of the
plurality of motors to control the operation.

2. The system according to claim 1, further comprising one
or more initiators, each initiator configured to send the con-
troller the signal to start operation of one or more of the
plurality of motors.

3. The system according to claim 2, wherein the multi-
plexed controller communicates directly with each initiator.

4. The system according to claim 1, wherein the multi-
plexed controller generates a waveform to control the opera-
tion of each of the plurality of motors.

5. The system according to claim 1, wherein the multi-
plexed controller performs closed loop control on a motor of
the plurality of motors.

6. The system according to claim 1, wherein the plurality of
motors is located within a mobile platform.

7. The system according to claim 6, wherein the plurality of
motors is located within an aircraft.

8. The system according to claim 1, further comprising a
plurality of the multiplexed controllers, a number of the plu-
rality of the multiplexed controllers being less than a number
of the plurality of motors, the plurality of the multiplexed
controllers performing parallel processing to control the
operation of two or more of the plurality of motors simulta-
neously.

9. The system according to claim 1, wherein the multi-
plexed controller stores a configuration file comprising a type
of each of the plurality of motors and the priority associated
with each of the plurality of motors.

10. A method of controlling a plurality of motors, the
method comprising:

receiving, at a processor of a multiplexed controller, one or

more signals to initiate operation of respective one or
more motors directly from corresponding one or more
initiators;

prioritizing, based on priority information stored in a

memory device, the signals when two or more signals
are received; and

processing the signals, with the processor, based on a result

of the prioritizing to generate waveforms to drive the
respective motors.

11. The method according to claim 10, wherein the priori-
tizing is based on the priority information stored in a configu-
ration file in the memory device, the configuration file also
storing a type of the plurality of motors.

12. The method according to claim 10, further comprising
performing closed loop control on at least one of the respec-
tive motors, with the processor, based on the result of the
prioritizing.

13. A multiplexed controller comprising:

an input interface to receive one or more signals directly

from corresponding one or more initiators;

aprocessor configured to process the one or more signals to

output waveforms to respective one or more motors
whose operation is controlled by the waveforms; and

a memory device storing priority information including a

relative priority of the one or more signals, wherein the
processor processes the one or more signals according to
the priority information.
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14. The controller according to claim 13, wherein the
memory device stores a configuration file to store a type of
each of the plurality of motors and the priority information.

15. The controller according to claim 13, further compris-
ing a power switching device and a filter to generate the 5
waveforms.



